Background. Parathyroid carcinoma is a rare tumor typically presenting with marked elevations of serum calcium concentrations and associated renal and skeletal symptoms. Parathyroid carcinoma grows slowly, but may recur in regional lymph nodes, and, in about 25% of patients, metastasizes to the lungs. Method. Description of a new case and review of the literature. Results. We present here a patient with parathyroid carcinoma that had aggressive biological behavior with synchronous lung metastases and manifestation of brain metastases 18 month after the initial diagnosis and review earlier reports on this rare presentation. These metastases could be detected with [ 
INTRODUCTION
Parathyroid carcinoma is a very rare tumor representing only about 0.005% of all cancers 1 . Among patients with primary hyperparathyroidism, the estimated incidence of parathyroid carcinoma was reported to range between 0.1% and 4.6%, but is probably well below 1% in Western countries 2, 3 . Typically, parathyroid carcinoma grows slowly, but the clinical course of the disease may be variable, with 5-year survival rates around 85% and 10-year survival rate ranging between 49% and 77%, respectively 1, 4 . Surgery that comprises resection of the tumor and en block resection of the soft tissues remains the only effective treatment of this rare tumor 3 . However, up to 40-60% of patients treated with radical surgery will ultimately experience disease recurrence 3, 4 . Intracranial metastases of parathyroid carcinoma are extremely rare and only few cases have been reported. We present here an additional case of a patient with parathyroid carcinoma that was complicated by an early manifestation of lung and brain metastases and we review the literature on this topic.
Case Report
A 62-year-old woman, with no history of significant comorbidity, presented in December 2006 with dysphonia and neck mass. On sonographic examination, a mass in the left lobe of the thyroid gland was evident. Fine needle aspiration cytology indicated the presence of suspicious malignant cells. The computed tomography (CT) scans revealed enlarged left lobe of the thyroid gland with suspected cervical lymph node involvement. Because of suspected thyroid malignancy, the patient was referred for surgery and on January 25, 2007 underwent total thyroidectomy and removal of the macroscopically involved lymph nodes. Unexpectedly, on histological examination poorly differentiated parathyroid carcinoma with metastatic involvement of lymph nodes was diagnosed (Fig. 1) . Because the diagnosis of parathyroid carcinoma was not initially suspected, only limited testing for biochemical biomarkers of the tumor was performed. Serum calcium concentration one week before surgery was slightly elevated at 2.77 mmol/L (normal range 2.10 -2.90 mmol/L). Serum parathyroid hormone concentration two weeks after surgery was 37 ng/L (normal range 10-69 ng/L). On On October 9, 2008, the patient presented with confusion and hypertensive crisis. Brain CT scans revealed multiple metastatic lesions in both hemispheres. These findings were confirmed by magnetic resonance imaging. In addition, a lesion in the right orbit was detected. 99m technetium-sestamibi scan revealed brain metastases, metastasis in the right orbit and involvement of bilateral supraclavicular lymph nodes (Fig. 4) . Similar findings were observed on PET/CT. The parathyroid hormone concentration, serum calcium concentration and alkaline phosphatase activity were 445 ng/L, 4.03 mmol/L and 3.68 μkat/L (normal range 2.15 -5.0 μkat/L), respectively. Supportive therapy that included intravenous fluids, zolendronic acid, dexamethasone and diuretics was instituted, and the patient was treated by whole brain irradiation using 60 Co 30.0 Gy five times weekly in fractions of 3.0 Gy. Because of poor performance status the patient was subsequently treated only symptomatically with the medication outlined above and died on December 3, 2008.
DISCUSSION AND REVIEW OF THE LITERATURE
We report here a rare patient with parathyroid carcinoma, who had lung and cervical lymph node metastases that were diagnosed almost synchronously with the radical surgical resection of the tumor. The tumor manifested with dysphonia and neck mass, but no biochemical signs of disease activity were noted at the time of initial diagnosis. The patient was initially treated with doxorubicin monotherapy that resulted in a partial response that made possible subsequent surgical resection of the lung metastases. Because of the recurrence in cervical lymph nodes, the patient was treated with second-line chemotherapy using the combination of cisplatin and 5-fluorouracil. Four months after completion of the second-line treatment, A B the patient presented with severe hypertension and confusion and was diagnosed with brain metastases. Despite radiation therapy and supportive treatment that included the administration of bisphosphonates, the patient died within 2 months after the diagnosis of brain metastases. The progression of the disease was associated with increased concentrations of tumor biomarkers, including serum calcium and parathyroid hormone. In the present case, the metastases in the brain, orbit and lymph nodes could also be detected by [
18 F] FDG PET/CT and by 99m technetium-sestamibi uptake.
99m technetium-sestamibi scan is commonly used for parathyroid localization but experience using this method for the localization of metastatic disease is limited, owing to the rarity of distant metastases in this uncommon tumor 5 . The detection of brain metastases of parathyroid carcinoma using 99m technetium-sestamibi is exceptional. However, only the larger brain metastases were evident on 99m technetium-sestamibi and PET/CT scans, while additional smaller lesions were detectable only on CT scan.
Although parathyroid carcinoma follows, in general, a relatively indolent clinical course, the tumor recurs locally, either in the soft tissues of the neck or in regional cervical lymph nodes, in 40-60% of patients, usually within 3 years after initial surgery. In addition, cases of late recurrence have also been described. In contrast, distant hematogenous metastases are less common, being reported in about 25% of patients, most commonly in the lungs, but occasionally also manifesting in the bone, liver, pleura, pericardium, or pancreas 2, 4 . Synchronous metastases in patients with parathyroid carcinoma are rare. In a pooled analysis of 301 patients reported in the literature, synchronous metastases were reported only in 9 patients (3%) (ref.
3 ). As in the present case, parathyroid carcinomas frequently produce high levels of parathyroid hormone, accompanied by marked elevation of serum calcium with associated renal and bone symptoms. Symptoms of hypercalcemia range from anorexia, nausea, vomiting, fatigue, weakness, polyuria and polydipsia to manifestations of renal disease including renal stones, nephrocalcinosis, and renal failure [2] [3] [4] . Patients with parathyroid carcinoma may present with extreme hypercalcemia and hypercalcemic crisis manifesting by a decreased level of consciousness and dehydration. Other symptoms characteristic of hyperparathyroidism include bone pain and fractures. Many patients die from complications associated with hyperparathyroidism, mainly hypercalcemia, rather than from tumor growth. Increased serum concentrations of calcium or parathyroid hormone serve as biomarkers of tumor activity, and an increase in these laboratory parameters precedes, in most cases, the detection of recurrent disease by imaging studies. As metabolic and neurological complications represent a significant cause of death from parathyroid carcinoma, surgical debulking to eliminate parathyroid hormone-secreting malignant tissue may play a role in the management of patients with metastatic disease 3 . Resection of distant metastases may also improve prognosis 3 . On the other hand, chemotherapy and radiotherapy have a limited role in the palliative management of the patient with unresectable disease. Medical treatment may control hypercalcemia, but, as in the present case, the extent of metastatic disease may be the most important factor determining patient prognosis.
Intracranial metastases from parathyroid carcinoma are exceptional. A comprehensive review of the literature revealed only 4 more cases of parathyroid carcinoma brain metastases (Table 1 ) (ref. [6] [7] [8] [9] . Unlike the present case, all cases of brain metastases of parathyroid carcinoma reported so far could be treated surgically. Despite aggressive surgical treatment, the tumor recurred rapidly in two patients and the follow-up was relatively short in the remaining two cases. Although most of the patients had solitary brain lesions, only one patient had no extracranial disease. Only in one of these patients was the brain metastasis localized using 99m technetium-sestamibi scans 8 . Given the paucity of published data on this topic, the diagnostic and therapeutic approach in the cases of brain metastases of parathyroid carcinoma can be determined only by expert recommendations. As a consequence of probable publication bias, cases that were considered to represent a therapeutic success were possibly more likely to be published than cases when the therapy was not successful like the present case. Imaging studies in the case of suspected metastases of parathyroid carcinoma should certainly include 99m technetium-sestamibi scan. In contrast to some other endocrine tumors, there is no effective targeted treatment for advanced parathyroid carcinoma, and systemic therapy has, at best, only a limited role in the management of patients with metastatic parathyroid carcinoma 10 , especially in cases with brain metastases. Surgery should be attempted in the case of isolated solitary metastatic lesions, including brain metastases. In fact, all prior reports of brain metastases of parathyroid carcinoma indicate some utility of surgery in this setting. However, the use of radiotherapy in patients with parathyroid carcinoma metastatic to the brain seems to be, like the case presented here, limited to palliation. Thus, therapeutic options in the case of parathyroid carcinoma brain metastases seem to be limited.
In conclusion, the present case demonstrates that parathyroid carcinoma may have an aggressive pattern of behavior, including the formation of brain metastases early after the initial diagnosis. technetium-sestamibi scan may be useful in localizing parathyroid carcinoma metastases, including brain metastases. There is currently no effective therapy in these cases with the exception of resection in cases of isolated solitary metastases.
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